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NATIONAL AMTISCrRY coMMITr!Iz m r n W u T I C S  

INVESTIGATICIN OF TRANSLATING-DOUBL-COTJE AXISB4MEZRIC sNI;ETS 

AT MACHNUMBERS FROM 3.0 TO 2.0 

By James F. Cannors, George A. Wise,  and 8. Calvln L w e l l  

The performance of two translating-double-cane W e t s  w i t h  contrast- 
Fng rates of turning on the spike shoulder and corresponding  cowlpro- 

the Mach rimer range from 3.0 t o  2.0. Pressure recoveries were about 
the sane for  both  configurations, the 20-percent-cowl inlet falling 0.01 
to 0.03 lower than the 40-percent-cowl inlet over the ent i re  range of 
Pkch nmiber and m e  of attack up t o  19. A t  Mach 3.01, the 20-percat- 
cowl in le t  had a recovery of 0.625 campared with 0.635 for the 40- 
percent-cowl inlet. At  this same Mach nmber, the cowl pressure-drag 
coefficient  for the 20-percent cowl (0.103 based on max. projected model 
frontal  .area) was 45 percent less than that for  the 40-percent cowl 
(0.187). On a propulsive-thrust basis, the 20-percent-cowl inlet  was 
superior  over the ent i re  range of Mach nuniber. 

V jected frontal meas of 40 and 20 percent of maximum was compared over 
- 

T o t a l  and component drags were obtained at Mach numbers 3.01, 2.73, 
2 .a, and 1.97. Ln order to match the a i r f l o w  requirements of a hypo- 
thetical   turbojet  engine, the second oblique shock was located at the 
cowl l i p  at each Mach number. T o t a l  drag coefficients during sugercrit- 
ical  inlet  aperation  increased k t h  decreasing Mach number, prbnarily 
because of the increasizg  additive  drags.  Distortions at zero  angle of 
attack were low, about 0.02 at Mach 3 -01 and about 0.12 at Mach 1.97. 

With the 40-percent-cowl inlet ,   retracting the spike  slightly from 
its design position at Mach 3.01 resulted in  a stable subcrit ical  range 
of mass-flow r a t io  fram 1.0 t o  0.6. This result did not occur with the 
20-percent-cowl inlet. 

.) 

IN'l3ODWTION 

* C u r r e n t l y ,  there is a scarcity of detailed performance data on in- 
lets suitable f o r  application to turbojet  engines  operating to Mach 
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numbers of approximately 3.0. For wide-rmge variable Mach  nuuiber oper- 
ation, varia'hle-geoni&ry features appear  necessary t o  maintain high per- 
formance levels. For such inlets ,  Fnformation is needed to   ascer ta in  
the "on- md off-design"  pressure-recovery atld drag characteristics a d  
their   interrelation on a propulsive-thrust basis. 

The objective of the present  study was t o  evaluate the performance 
of translating-double-cone axisymmetric nose inlets  designed t o  match 
the airflow requirements of a hypo€hetical  tiubojet engine up t o  a Mach 
number  of 3.0. Two versions,  both  utilizing 20° -39  double-cone spikes, 
were designed w i t h  two differenk.  objectives i n  mind: (1) good internal 
perf o m c e  and (2 1 good external performance o r  low drag. The purpose 
was t o  determine partially  the balance between drag and pressure  recovery. 
The first  version had a gradual turn at the shoulder of €he spike which 
necessitated a cowl with a projected  frontal  area  equal to 40 percent of 
maximum. The other  version, with a more rapid  turn a t  the spike shoulder, 
had a cowl with a projected  area 20  percent of maximum. " 

The geometry of these inlets was such that both oblique shocks co- 
alesced at the cowl l i p  at a Mach  number  of 3 .O. A t  the lower Mach num- 
bers  the a i r f l o w  requiren;i-nts  of the engine could be satisfied by main- 
taining the second oblique shmk at the cowl l i p .  Data were a l s o  ob- 
tained for off-design  spike  positions at a Mach  number of 3.0. 

These data should indicate the performance levels  a€tainable with 
inlets of rather  basic and conventional design. A s  such, they  should 
serve as a base of reference  with which t o  compare the performance  of 
other  configurations emplcrying additional refinements  such as boundary- 
layer control or geometry variations. 

The present  investigation w a s  performed in the NACA Lewis 10- by 
10-foot  supersonic wind tunnel at Mach  numbers of 3.01, 2.73, 2.44, and 
1.97 and a t  angles of attack t o  15'. Reynolds m b e r  of 'tbe test  was 
constant at 2 .  5XLO6 per  foot. 

A 

A i n  

Amax 

inlet capture area, 1.182 sq ft  

maxFmum projected  frontal  area of model, 1.973 sq f t  
for  40-percent cowl ana 1i-483 sq f t  for  20-percent 
cowl 

4( area normal t o  flaw direction is duct, sq in. 

" -~ 
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.. . 
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A3 

CD 

diffuser-exit flow area, 0.961 sq f t  

drag  coefficient , D f 

cowl pressure-drag  coefficient, 'D, c 

cP 
D 

static-pressure  coefficient, (p - po)/w 

drag, lb 

Dc+a cowl pressure  drag plus additive  drag 

F thrust, l b  

z Fid 

M Mach nmiber 
- dm0 met mass-flow ra t io ,  p3~+Jpo~&in 

W% 
P total  pressure, lb/sq f t  

pdpo 

stable  subcritical  operating range 

- 
total-pressure recovery 

P static  pressure, lb/sq f t  

9 dynamic pressme, lb/sq f t  

V air velocity, ft/sec 

W wei&t flow, lb/sec 

corrected weight flow a t  station 3, (lb/sec)/sq f t  

X distance along axis of symmetry 
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Y distance from axis of symmetry 

a 

P 

Subscripts : 

angle of attack, deg 

r a t io  of total  pressure at station 3 t o  NACA standard 
sea-level  pressure of 2116 lb/sq ft 

cowl-position  parameter, angle between axis of 
symmetry and line from spike t i p   t o  cowl l i p ,  deg 

ra t io  of t o t a l  temperature at station i3 t o  NACA stand- 
ard sea-level temperature of 518.7O R 

density of air ,  lb/cu f t  

e external 

min m i n i m u m  

0 conditions in  free stream 

3 conditions at diffuser exit 

Superscript: 
- 

area-weighted value 

Schematic drawings of the  over-all model and the inlets are pre- 
sented in figures 1(a) and (b), respectively. A photograph of the m o d e l  
in the tunnel is shown in  figure 1(c ) . The model was sting-mounted in 
the  tunnel through a three-ccmgonent strain-gage balance, and a movable 
exit plug was mounted on the st- independently of the mdel i n  order 
t o  vary the W e t  back pressure.  Provisions were made fo r  including 
interchangeable liners at the duct exit ( f ig  . 1( a) in order t o  decrease 
the net axial farces at the higher Mach numbers  and remain within the 
range of the  balance. The model also  incorporated  povisions  for chang- 
ing spikes and  cowls  and for  translating the spike by remote control. 

4 
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The inlet  had a 200-350 double-cone spike designed so that the two 
oblique shocks would coalesce at the cowl l i p   a t  a Mach n&r of 3 .O. 
Two m o d i f i c a t i o n s  of 'this  spike, hELving dff  ferent rates of turning at 
the  shoulder, were tested ( f ig .  l (b)  and tables I and II) . The sharper 
of the two turning  rates  resulted in a cowl with a projected  frontal 
area  equal t o  20 percent of maximum; the cowl f o r  the more gradual turn 
had a  projected  frontal axea 40 percent of maximum. Turning of the flow 
from the  inlet  back t o  the axial direction  at Mach 3.01 was effected Fn 
approx3mately 3 hydraulic d i e t e r s  with the 40-percent cowl and In 
about 1 hydraulic W t e r  with  the  20-percent cowl. The initial l i p  
angles, however, were the same for both cowls: external  angle 32.6O 
and Internal  angle 27.6', referenced t o  the axis of symetry. 

Internal area  distributions axe presented Fn figure 2. The f om of 
these  distributions was influenced t o  a great extent by an attempt to 
avoid internal contraction as the spike was retracted.  Generally,  the 
more gradual the ra te  of Interpal wea expansion at the higher Mach num- 
ber, the more quickly  Fnternal  contraction will be incurred at the lower 
Mach numbers. A t  the desi- spike  position f o r  a Mach rider of 3.01, 
the   i n i t i a l  equivalent  conical  mea expassion corresponded t o  a 15O in- 
cluded angle for the  40-percent cowl  and approximately 42O f o r  the 20- 
percent cowl. B o t h  inlets  had some internal  contraction when the  spike 
was retracted t o  the des- posit ion  for a Mach number  of 1.97. 

Pressure  recovery was determined from an area-weighted  average of 
48 total-pressure  tubes at station 3 ( f ig .  l (a)) .  Mass-flow r a t i o  
%/% was based on the mass f low cmguted from six static  pressures at 
station 3 and the measured sonic  discharge m a ,  assuning one-dimensional 
isentropic flow. Thi6 mass-flow measuring technique was calibrated by 
means of an ialet capturing a known free-stream  tube of a i r .  

Cowl pressure drag was detezdned from an integration of the exper- 
imental  pressure  dlstributions.  Ekternal.  drag was defined as the dlf- 
ference between the axial  force given by the balance and the  internal 
thrust obtained from the total momentum change  between the  inlet  and the 
sonic exit station (Fncluding the model base forces a d  excluding  the 
forces on the movable plug).  Friction  drag was ob*ained  by subtracting 
the  car1  ressure  drag f r o m  the t o t a l  exterPal  drag in the case of no 
spillage ?or additive)  drag. The order of magnitude of this f r ic t ion  
drag was verified by a momentum fntegration of an e q e r h e n t a l  boundary- 
layer  profile  obtained wlth the $0-percent-cowl +et. Another order- 
of-magnitude check m s  obtahed wlth the von & skin-friction  coef- 
f icient (= 0 .oO15) for  turbulent boimdary layer on a f l a t   p l a t e   a t  a 
Mach nmiber of 3.0. 7i.1 cases of subcrit ical  inlet operation,  additive 
drag was apprax-tea by assuming the   f r ic t ion drag t o  be the same as 
f o r  the  no-spillage  case and then  subtracting  the sum of the cowl pres- 
sure and f r ic t ion  drags from the t o t a l  external  drags. 
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The investigation was conducted a t  Mach  numbers of 3.01, 2.73, 2.44, 
and 1.97 asd through an angle-of-attack range of 0' t o  15'. Reynolds 
number  of the test was held caij;stant at 2 .  5X1O6 per  foot. 

RESULTS AND DISCUSSIOm 

The two double-cane inlets  with their contrasting  rates of turning IP I+ 

had different  design  objectives: The 40-percent-cowl inlet  was aimed a t  8 
high recovery; the 20-percent-cowl inlet ,  at law drag. For comgarison 
purposes, parallel  presentations  are made of the performance of these 
two inlets .  Detailed results are subdivided in to  sections on internal- 
f low performance (pressure-recwery and mass-flow characteristics), 
external-flow performance (drags), inlet airflow  patterns, and f inal ly  
a propulsive-tbrust  carparison. 

Internal-Flow Performance 

Diffuser  characteristics at desi@  spike  positions. - Total-pressure- 
recovery and mass-flow characteristics  for the two inlets at the* design 
values of cowl-position parameter e2 axe presented i n  figure 3. A t  
each Mach  number, the spike position was determined f o r  the zero-angle- 
of-attack  condition (second oblique shock on l i p )  and then held constant 
f o r  the range of angles (a) jnvestigated. A cross p lo t  (f ig.  4) summa- 
rizes the variation in cr i t ica l   in le t  performance with free-stream Mach 
number. 

8 

Both inlets achieved essentially  the sane level of internal  per- 
formance. The 20-percent-cowl in le t  with the much sharper  turning showed 
only a slight decrease in pressure  recovery, a d e c m n t  of approximately - 
0.01 t o  0.03 below that f o r  the $0-percent-cowl inlet mer the entire 
range of Mach nuuiber. A t  % = 3.01the 20-percent-cowl inlet   at tained 
a pressure  recovery of 0.625 compared with 0.635 for the $0-percent cowl. 
A i r f l o w  capacities, as reflected Fn mass-flow ra t io  and corrected airf low,  
were about the sane f o r  both W e t s .  A t  zero  angle of attack, the 20- 
percent-cowl inlet consistently had a larger stable sdxrit ical  range 
than the 40-percent-cowl inlet .  The rapid  decrease i n  mass-flow rat io  
at Mach numbers less than  approxhmtely 2.2 was the result of detached- 
shock operation, caused by the Large cowl-lip  angles o r  by internal 
choking. Above this Mach number, supercritical  spillage occurred  only 
behind the f irst  conical shock, as  dictated by the design requirement 
that the second shock be located at the cowl l i p .  

. " 

Effect of angle of attack. - As shown in figure 5, both c r i t i ca l  
pressure  recovery and mass-flow ra t io  decreased with angle of attack. 

. .. 

-??he ra te  of decrease was about the sazlhe for  both  inlets-and f o r  each 



NACA RM E57C06 7 

n 
3 

. 
&ch number Investigated. The pressure  recovery of the 20-percent-cowl 
inlet remained consistently lower by a small amount (0.01 t o  0.03) than . that of the 40-percent-cowl Met.  

Effect of cowl-position  parameter at Mach 3.01 and zero angle of 
attack. - Diffuser performance curves f o r  both inlets at several dif- 
ferent  spike  positions at MO = 3.01 aze shown in figure 6 .  These data 
and the cross  plots of figure 7 i l lustrate  the  effect  of 8.1 on sub- 
c r i t i ca l   in le t   s tab i l i ty .  By retracting the spike t o  increase 82 
about 0.6' above the design value,  the 40-percent-cowl inlet achieved 
quite a large stable range of mass-fluw ratio,  from 1.0 down t o  approx- 
imately 0.6. This, however, was at the expense of a decrease in  c r i t -  
ical  pressure  recovery from 0.635 t o  0.585. This schem,  possibly, 
could serve as a convenient method for  reduced-mass-flow operation in a 
turbojet  application.  Previously, similar results had been obtained w i t h  
axisymmetric Fnlets at lower Mach numbers (e.g., at Q = 2 h ref. 1). 
By placing the oblique shocks just inside  the cowl, the slipline during 
subcritical  operation (ref. 2) does not  intercept the cowl l ip ,  and the 
associated buzz-triggering mechanism is avoided. 

- S-im.1.7r results aid not occur wtth the 20-percent-cowl capfigma- 
tion. On the contrary, when 82 was Lncreased above the design value, 
the  subcritical stable range actuaLly  decreased from the 0.15 t o  0.17 
range available with the oblique shocks on or slightly ahead of the cowl 
l i p .  These diverse results may be attributed  to the difference between 
the  two inlets Fn internal  area expansion at the centerbody  shoulder. 
Presumably, the 20-percent-cowl inlet had an internal geometry more  con- 
ducive t o  flow separatim and chokFng of the duct  than the more grad- 
ually divergent  passage of the 40-percent-cowl configuration. Subsequent 
tests (not yet  reported)  sastantiate  these  observations. 

Total-pressure  variations at Ufuser  exit. - Total-pressure  pro- 
files at the diffuser exit f o r  several  angles of attack are presented 
Fn figure 8 in the form of contour maps. The % = 3.01 condition shown 
is typical. for   the  ent i re  Mach nmiber range. Similar results were ob- 
tained with both the 40- and the 20-percent-cowl inlets. A t  zero angle 
of attack, the f l o w  was quite uniform. With increasing angle of attack, 
the high-energy air shifted t o  the q p e r  quadrant of the duct, while 
sepasation  occurred in the lower quadxant . 

The usual distortion parameter (Pg,- - P3,min)p3 was eqloyed 
as a measure of aonunifornity of the flow at the diffuser &t. The 
var ia t im in distortion  level with angle of attack during c r i t i c a l  M e t  
operat  ion is presented in figure 9 for  the four Mach nu&ers investigated. 
A t  each Mach number the  distortion waa a minimum at zero and increased 

- rapidly with increasing angle of attack. A t  MO = 1.97 with detached- 
shock operation, the rate of increase Fn distortion w&s less than that 

- 
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at the three higher Mach numbers. Distortion at angle of attack was 
generally higher with the 20- than w i t h  the 40-percent-cowl Met .  A t  
Mo = 3.01, distortion ranged from 0.02 a t  a, = Oo t o  0.40 a t  a = 1 5 O  

for  the 40-percent-cowl in le t .  

The zero-angle-of-attack di+rtortion during c r i t i ca l   i n l e t  operation 
increased with decreasing  free-stream Mach  number and -.concomitantly with 
increasing diffuser-exit Mach number. This observation is shown in  
figure 10, along with a camparison of the"e=&imental distortion  levels 
w i t h  theoretical  values f o r  1/7-power fully developed pipe flow (ref. 3). 
Both inlets  had.slightly lower distortion at % = 3.01 and 2.73 than 
the  pipe-flow  values and somewhat higher values a t  the lower free-stream 
Mach numbers. Zero-angle-of -attack  distortions  varied from 0.02 a t  Mach 
3 . 0 1 t o  0.125 a t  Mach 1.97. 

- " - 

External-Flow Performance 

Supercritical. cowl pressure  drags. - External  static-pressure a s -  
tributions along the cowl of each inlet  during  supercritical  aperation 
a t  Mach 3.01 and zero  angle of attack are -presented in figure 51. D i s -  
tributions based m two-dimensional shock-ekgansian theory are a l so  in- 
eluded for comparison purposes. With the 20-percent cowl, there w a s  
good agreement  between experiment and theory; w i t h  the 40-percent cowl, . 
the agreement was not BO good, with shock-expansion theory generally 
overestimating the  pressures. The greater discrepancy between experi- 
ment and theory encountered  with the 40-percent cowl  can be attributed 
t o  the greater  variation in radius (a larger  three-dimensional effect) 
thaa with the 20-percent cowl. A t  below design Mach  number (3.01, an 
approximation of the initial conical flow f ie ld  was made t o  obtain  the 
local  flow  condition at the cowl l i p  with the first oblique shock out 
in front. This appraximation was the assumption of a linear  variation 
of Mach  number  and f low angle between the shock and the cane surface. 

- 

Based on area  integrations of the statk-pressure  distributions, 
cowl pressure-drag  coefficients are shown in figure 12  for  the  entire 
bhch  nmiber range. The a m 1  pressure  drags for the two inlets  were 
significantly  different. A t  % = 3.01, the cowl drag coefficient f o r  
the 20-percent cowl was 45 percent less than  that for the 40-percent 
cowl. A t  % = 3.01, the drag  coefficient {based on max. frontal   mea) 
f o r  the &-percent cowl  was 0.187, canq?cY.ed with a drag coefficient of 
0.103 f o r  the 20-percent-cowl inlet .  The  cowl pressure-drag  coeffi- 
cients  increased slightly w i t h  decreasing Mach  nwnber unt i l  shock de- 
tachment occurred, af ter  which there was a slight  decrease. 

. .  

Drags obtained from intepyatim of pressure  distributions based on 
shock-expansian theary  are also included i n  figure 12. Agreement between - . .  

t 
t 

. " 
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experiment and theory was generdlly gocd Over the range of Mach number . investigated. The greatest discrepancy  occurred at % = 3.01 with the 
40-percent cowl, wbere the  dirference amounted t o  10 percent of the ex- 
per-tal value. 

External-drag  coqonents. - For supercritical inlet operation, the 
variation in  t o t a l  external drag and i ts  components with free-stream 
Mach nmber is shown Fn figure 13. Total external drags  derived from 
actual  force measurements agreed  reasonably well with those given  by 
sunnnation of the component drags (cowl pressure, additive, and fr ic t ion) .  
In this case a computed additive drag was used in the sumation. The 
t o t a l  external-drag  coefficients f o r  inaximum mass flow and design 81 
increased with decreasing free-stream Mach number, primzily as a con- 
sequence of increasing  supercritical  additive  drags. The difference in 
t o t a l  drags between the 40- and 20-percent-cowl inlets is essentially 

In 
0 
3 

3 
V the Wference i n  their respective cowl pressure drags. 

During subcritical inlet aperation  (such as that i l lustrated ~n 
f i g  . 141, there is a Large linear  lncrease in external. drag with de- 
crewing mss- f low  r a t io  a6 a result of the hi@ additive drags asso- 
ciated w i t h  bow-shock spillage. Also w i t h  reduced mass flows, there Is 
a reduction in cowl pressure  drag. Assuming friction  constant with mss- 
flow ratio,  rough mmentum calculations  verified the order of magnitude 
of the  additive  drag a t  the minimum stable condition. 

- 

” 

The subcritical  total-drag rise L!CD,e/(&dw] is given Fn figure 
15 f o r  the range of test conditions under which stability was achieved. 
The rate of subcrit ical  drag rise, particularly  for the 40-percent-cowl 
Wet ,  did not vary significantly with Mach  number. The pronounced dif - 
ference between the two inlets is attributed to a difference in  the rate 
of decrease in cowl pressure drag with mass flow. Presumably, the 40- 
percent cowl wtth its lasger  projected mea was more favorably  affected 
in the direction of leading-edge  suction, 8s the normal shock moved 
ahead of the l i p .  Lnstrumentation in this study was inadequate  near  the 
cowl l i p  to define this effect rully. 

Inlet A i r f l o w  Patterns 

Supercritical  operation at design cowl-positicm parameter. - Sqer-  
c r i t i c a l  inlet airflow patterns at zero  angle of attack are shown in 
figure 16 f o r  both W e i s  at each of the four Mach numbers investigated. 
A t  this Reynolds rider { 2. 5XLO6 per ft), there w&8 l i t t l e  no bridg- 

Mach 3.01, both  oblique shocka appeared to coalesce at the cowl l i p .  As 
Mach  number w-as reduced, the second oblique shock w’as maintained at the 
l i p  and the f i rs t  obliqm mved progressively farther qstream of the 

- ing due to boundary-layer separation at the break between the cones. A t  

c 
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cowl, un t i l  shock detachment at t h e   l i p  occurred, as is shown for  
MO = 1.97. Supercritical  patterns f o r  both the 40" and 20-percent-cowl 
Fnlets at several  angles of attack  at  Mach 3.01 are shown i n  figure 17 .  
Shock patterns are generally  conventional, with detachment a t  the bot- 
tom cowl l i p  occurring at   the higher angles and the initial conical shock 
on tup moving progressively farther ahead of the l i p  w i t h  increashg 
angle of attack. 

40-Percent-cowl inlet at Mo of 3.01 and 82 > design. - Schlieren 
photographs of the 40-percent-cowl in le t   a t  Mach 3.01 and 82 greater 
than  design are presented in figure 18 f o r  s q e r c r i t i c a l  and minimum 
stable Illass-flow conditions. The  spFke was retracted from the  design 
positian (82 approx; 1/2O > design) t o  place both oblique shocks just 
Fnside the cowl, as shown in the l e f t  photograph. By so doing,  a large 
stable  subcritical  operatug range was attained. .The resulting minimum 
.stable mass-flow condition is shown in the right photograph of figure 18. 
Because  of the high degree of resolution in the schlieren system, the 
lobes of the K&rm!h vortex street a re   fa i r ly  well  defined,  with  the  ver- 
tical l ines  (three-dimensional  projections)  identif'ying the spacing be- 
tween individual  vortices. The outer  slipline emanating from the inter- 
sec t im of the first oblique and the bow shocks is so curved as t o  indi- 
cate a flow direction in towards the axis immediately behind the bow 
shock. An inner slipline was formed at   the  intersection of the bow and 
the second oblique shocka . Between these  inner and outer  sliplFnes, a 
contracting chamel appeared t o  exist and thus indicated the presence of 
an accelerating  sasonic flow f i e l d  w i t h  an attendant  favorable  pressure 
gradient. 

.. 

" 

" 

8 

* 

This stable flaw condition is particularly Fnteresting, because at 
a free-stream Mach number of 3.01the l o c a l  surface Mach  number was el- 
culated t o  be l. 67, a value f a r  Fn excess of that indicated  for a normal 
shock t o  separate a turbulent boundary layer  (ref. 4). Although separa- 
t ion may exist loca l ly  in the zone  of interaction,  the boundary layer 
downstream  of this zone appears t o  reattach and follow the surface con- 
tou r  back into  the  inlet .  Similar observations had been made previously 
with a two-dimensional ramp-type inlet  at this Wch number (ref. 5). 

Propulsive-Thrust  Cmparison 

The 40- and 20-percent-cowl inlets  were  compared on the basis of 
zero-angle-of-attack  propulsive  thrust, m sirrqsly thrust mSnus drag. 
Results are shown in feigure 1 9  in terms of a thrust paraineter, the rat io  
of internal thrust m j n u  the sum of cowl pressure plus additive drags t o  
an ideal thrust based on 100-percent pressure  recovery. With the  inlets 
matched at the  critical  condition  for all Mach nunibers, a turbojet en- 
gbe with  afterburning t o  3500° R was assumed in the coarparison. The . 

1 
IP 
0 
UI 
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method of reference 6 was used in the  calculations. The dashed  lFnes 
in figure 1 9  show the effects of pressure  recovery, o r  the  difference 
in  thrust between an inlet attaining 100-percent  recovery and the  tes t  
inlets with their exper”tal  recoveries, assuming no external drag 
&+a = 01 - 

Both inlets  achieved  about the sane level of internal performance 
and at MO = 3.01 the maximum possible thrust with no drag is only about 
0.57 of ideal thrust. When external drag is taken into account, as 
i l lust rated by the solid lines in  figure 19, the 20-percent-cowl inlet  
is defkitely  superior to the 40-percent-cowl inlet  f o r  the  entire range 
of Mach rider investigated. A t  Mach 3.01, this s u p r i o r i t y  amaunts to 
a 14-percent  gain in propulsive thrust f o r  the 20-percent-cowl inlet .  
Cowl pressure drag, alone, amounted t o  22 percent of engine thrust a t  

= 3.01 f o r  the 40-percent-cowl inlet ,  and about 10 percent f o r  the 
20-percent-cowl inlet .  Even so, it appears that the major gains Fn mer- 
all thrust performance will l i e  in the direction of improved pressure 
recwery. % B x 

V 

I 
Two axisymnetric  translating-daible-cone inlets, with contrasting 

rates of turnlng  at  the shoulder r e s u l t k g  in cowl projected  areas of 
40 and 20 percent of maxirmun frontal area, were experimentally  eval- 
uated at Mach nmbers from 3 .O t o  2.0 ln the 10- by 10-foot Lewis uni- 
tary wind tunnel. The inlet-engine matching scheme used herein  called 
fo r  the second oblique shock t o  be located at the cowl l i p  at a l l  bkch 
nmibers . The following results were obtained: 

1. The 20-percent-cowl inlet achieved  pressure  recoveries only 
slightly lower (0.01 to 0.03)  than the 40-percent-cowl i n l e t  over the 
entire  mch  nmber  range. A t  Mach 3.01, the 20-percent-cowl m e t  had 
a recovery of 0.625 compared with 0.635 fo r  the 40-percent-cowl 
configuration. 

2. A t  Mach number 3.01, the cowl pressure-drag  coefficient f o r  the 
20-percent-cowl inlet (0 .lo3 based on max. f ron ta l  area) was only 55 a 

percent of that f o r  the 40-percent-cowl in le t  (0.187). On a  propulsive- 
thrust basis, the 20-percent-cowl inlet  was maxkedly superior over the 
entire Mach  number range. T o t a l  external-drag  coefficients  during super- 
c r i t i c a l  U t  operation  increased with decreasing Mach number, pr-ily 
because of the  increasing  additive drag. 

3. Zero-angle-of-attack  distortions  during crit ical   operation were 
l o w  at all Mach rimers, about 0.02 at Mach 3.01 and about 0.12 a t  Mach 
1.97. Distortion  fncreased  rapidly with angle of attack (approx. 0.40 
a t  19 angle of attack at Mach 3.01) . 



1 2  - NACA RM E57C06 

4. With the 40-percent-cowl inlet, increasing  cowl-position param- 
eter about 0.6'  above the design value at Mach 3.01 resulted in  a sub- 
cr i t ica l   s tab le  mass-flow-ratio  range from 1.0 t o  about 0.6.  This re- 
sult did not occur with the 20-percent-cowl inlet .  

Lewis Flight Propulsion  Laboratory 
National Advisory Committee fo r  Aeronautice 

Cleveland, Ohio,  March 6, 1957 
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1 Distance from 
cowl l i p ,  

0.01 
.50 

1.00 
1.50 
2 .oo 
2.50 
3 .oo 
4 .oo 
5 .oo 
6 .OO 
7 .OO 
8 .OO 
9 .oo 

10 .oo 
11 .oo 
12.00 
13 .oo 
p . 5 0  
14 .OO 
15 .OO 
16 .OO 
17 .OO 
18.00 
19 .oo 
20.00 
21.00 
22 .oo 
22.50 

T 

TAELE I. - COWL COORDINATES 

(a)  40-~ercent cowl 

Diameter, in .  

I t  ernal 

14.730 

15.770 
16.236 
16.600 
16.888 
17.124 
17.484 
17.736 
17.906 
18.020 
18.096 
18.150 
18 .184 
18.216 
18.240 
18.270 
18.280 
18.292 
18.300 
18.280 
18.212 
18.128 
18.040 
17.944 
17.854 
17.760 
17.720 

""" 

External 

14.770 
15.376 
15.980 
16.474 
16.894 
17.264 
17.540 
17.944 
18.246 
18.464 
18.600 
18.688 
18.760 
18.820 
18.868 
18.918 
18.956 

18.980 
19.000 

""" 

""" 

""" 

""" 

""" 

""" 

""" 

""" 

""" 

1 e Detail A 

14. 3l 

.01" 

14.73" Diem.  

Detail A 
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Distance from 
cowl lip, I i n .  

0.01 
.50 
.60 
.80 

1.10 
1.40 
1.80 
2.20 
2.60 
3 .oo 
3.50 
4.50 
5 .oo 
6 .OO 
7 .oo 
8.00 
9 .oo 
10.00 
11.00 
12.00 
13 .OO 
14 .OO 
15 .OO 
16 .OO 
17 .OO 
18.00 
19.00 
20 .oo 
21.00 
22 .oo 
22 .SO 

TAEEZ I. - Concluded. COWL COORDIXATES 

(b) 20-Percent cowl 

Diameter, i n .  1 
Internal  

14.730 

15.344 
15.514 
15.700 
15.840 
15.964 
16.044 
16.100 
16.140 
16.174 
16.190 
16.200 
16.210 
l6 .Zoo 
16.180 
16. L60 
16.150 
16.l30 
16.110 
16.064 
16.024 
15.984 
15.944 
15.904 
15.864 
15.820 
15.780 
15.740 
15.700 
15.680 

""" 

External 

14.77 
15.384 

15.690 
15.896 
16.052 
16.184 
16.270 
16.310 
16.350 
16.384 
16.400 
16.436 
16.460 

""" 

""" 

""" 

""" 

""" 

""" 

""" 

""" 

""" 

""" 

""" 

""" 

""" 

""" 

""" 

""" 

""" 

16.460 

rDetail A 

14.73" Dim. 
Detai l  A - 
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T A E S  11. - SPIKE COORDINATES 

(a) Spike with  40-percent cowl 

XJ 
in. 

0 
LO. 50 
11.30 
13.72 
14.72 
15.72 
17.72 
18.72 
19.72 
20.72 
24.72 

yJ I in. 

0 
3.82 
4.376 
6.069 
6.642 
6.972 
7.265 
7.331 
7.360 
7.380 
7.380 

0 
10.50 
11.30 
13  .65 
13.91 
14.21 
14.71 
15.71 
16.81 
18.41 
19.71 
21.21 
22.71 
24.71 
26.21 

0 
3.82 
4.376 
6.027 
6.165 
6.220 
6.246 
6.280 
6.300 
6.265 
6.228 
6.190 
6.150 
6.105 
6.060 

(b) Spike with  20-percent cowl 

Straight ( 2 0 0 )  3 Straight (35O) 

15 
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( c )  Test model installed in 10- by 10-foot tunnel. 

Figure 1. - Concluded. Experimental apparatus. 



Axial  diatmoe from owl leading edge, x, in. 

(a) Inlet  with  40-peroent owl. 

,Figure 2. - h b r n a l  area distributions for subaonio diffmer a t  denign oowl-position parametar 8 ) .  
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(a) 40-Percent-cowl  inlet. 

Figure 3. - Diffuser performance  characteristics at design cowl-position  parameter 
for each Mach number. 
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Mass-flow 

NACA RM lE7COS 

. 

(b) 20-Percent-cowl  Inlet. 
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" 

1.8 2 -0 2.2 2.4 2.6  2.8 370 3.2 
Free-stream Mach number, 

Figure 4. - Variation of c r i t i c a l  inlet performance  with f'ree-stream 
Mach number. 
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\ 
E f  

k 

R 
2 
R 
m 

z c, 
c, 
0 

1. 

.9 

.8 

.7 

.6 

.5 

.4 
0 2 4 6 8 10 12 

Angle of attack, a, deg 

Figure 5. - Effect of angle of attack on internal  performance. 
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0 
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.7 

.6 

.5 

.4 
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25 

m 
0 (a) ao-~ercent -cowl  inlet. 

Mass-fbw ratio, %/mg 

(b)  20-Percent-cowl  inlet. 

Figure 6. - Diffuser  performance  characteristics for  several values of 
cowl-position  parameter eL. Free-stream  Mach number, 3.01; angle of 
attack, 0'. 
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1 
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.2 

.1 
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. " "  

c 

(a) 40-Percent-cowl  inlet. 

Cowl-position swxuueter, 82 

(b) 20-Percent-cowl  inlet. 

Figure 7. - Effect of spike  translation on inlet  stability  range.  Free- 
stream  Mach  number, 3.01; angle of aftack,' @. 
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a = 15O 
P3/P0 = 0.30 

- (a) 40-~ercent-cowl inlet. 

Figure 0 .  - Total-pressure  contours at diffuser exit for   near -cr i t i ca l   in le t  operation. 
Free-stream Mach number, 3.01. . 
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a = 0' 
P3/P0 = 0.59 

a = 10' a = EO 
p3/Po = 0.46 

" 

%/Po = 0.41 

(b) 20-Percent-cowl i n l e t .  

Figure 8. - Concluded. .Total-pressure  contours at diffuser   exi t   for   near-cr i t ical  
inlet  operation.  Free-stream Mach number, 3.01. 

t 



( a )  mea-stnsm Mach number, 1.97. (b) Free-etrem Mnch mDbePl 2.44.  

( 0 )  Free-strean Mach number, 2.75. (d )  Free-stream Maah number, 5.01. 

Plgure 9. - Efleot of angle or attaok on d i a t m t i m  during olritioal inlet  opdration, 
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1.8 2.0 2.2 2.4 2.6 2.8 3.2 
Free-stream Mach number, % 

Figure 10. - Comparison of distortion at diffuser exit with theoreticil pipe-flow valuee. 
Angle of attack, Oo. 
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(a) 40-percent -cowl i n l e t .  

Axial distance  from l i p ,  x, in. 

(b) 20-Percent-cowl i n l e t .  

Figure 11. - External static-pressure d i s t r ibu t ions  
on cowl. mee-stream Mach nLzmber, 3.01; angle of 
attack, 00. 
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.3 

.2 

.1 

0 
1 

mACA RM E57C06 

Free-stream Mach nuder,  % 

Figure 12. - Cowl pressure  drag  during  supercritical 
i n l e t  operation  at  zero angle of attack. 



NACA RM EVC06 33 

Free-stream Mach number, 

(b) 20-Percent-cowl inlet. 

Figure 13. - Component drags during supercrit ical   inlet   operation a t  design cowl- 
position  parameter. 
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Figure 14. - Component drags for subcritical operation of 40- 
percent-cowl  inlet. Free-stream Mach nuniber, 3.01; cowl- 
position  parameter, 30.19'. 

- 
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CG-5 back 4405 I 1 

1.8 2 .o 2.2 2.4 2.6 2.8 3 .O 3.2 
Free-stream Mach number, Mo 

Plgure 15. - Ratee of increase i n  subcrit ical  t o l d  external. drag. 
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% = 2.44 

IQ = 2.73 

(a) 40-~ercent-coxl inlet'. 

Figure 16. - Flow patterns a t  several Mach numbers and zero angle of attack. 

ul 0 

. 
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% = 2.73 Mo = 3.01 

(b) Xz-Percent-cowl inlet. 

Figure 16. - Concluaeed. Fava patterns a t  several hkch rrumbers and zero 
angle of attack. 
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Angle of attack, Oo Angle of attack, 5O 

x C"534 
A n g l e  o f  attack, loo Angle of attack, 1 9  

( a )   ~ ~ - ~ e r c e n t - c o w l  inlet. 

Figure 17. - Flow j?atterPs a t  sweral anglee of a t t a c k   a t  Edach m b e r  3.01. 

x 

c -  
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Angle of attack, 0' Angle of attack, 5O 

A - -  

Angle of attack, 10' 

(b 1 2GPercent 

Figure 17. - Concluded. Flow patter 
mch number 3.01. 

c-44535 
A n g l e  of attack, 1 9  

-cowl inlet. 

PB a t  several  angles of a t tack   a t  
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Supsrcritlcal operation 
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a 

Free-stream Mach number, % 

Figure 19. - Propulsive-thrust  comparison of performance of 40- and 20-percent-cowl  inlets. * 
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